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A new method for separating intensity variations of a soure's radio emission hav-
ing various physial natures is proposed. The method is based on a joint analysis of
the struture funtion of the intensity variations and the asymmetry funtion, whih
is a generalization of the asymmetry oeffiient and haraterizes the asymmetry of
the distribution funtion of the intensity flutuations on various sales for the inho-
mogeneities in the diffrative sintillation pattern. Relationships for the asymmetry
funtion in the ases of a logarithmi normal distribution of the intensity flutu-
ations and a normal distribution of the field flutuations are derived. Theoretial
relationships and observational data on interstellar sintillations of pulsars (refra-
tive, diffrative, and weak sintillations) are ompared. Pulsar sintillations math
the behavior expeted for a normal distribution of the field flutuations (diffrative
sintillation) or logarithmi normal distribution of the intensity flutuations (refra-
tive and weak sintillation). Analysis of the asymmetry funtion is a good test for
distinguishing sintillations against the bakground of variations that have different
origins.
1. INTRODUCTION
In analyses of interstellar sintillations of intrinsially variable radio soures, the problem
of separating variations of the soure emission with different origins arises. In partiular,
this is true of separating intrinsi variations of pulsar radio emission, interstellar sintilla-
tions, and additive and modulational noise. A similar problem appears in the analysis of
rapid variability of extragalati soures. In [15℄, it was proposed to use the asymmetry
oeffiient of the distribution funtion of the radio-emission intensity flutuations as a test
for determining the nature of these variations. The asymmetry oeffiient is a measure of the
2deviation of the distribution funtion of the intensity flutuations from a normal distribution,
and is defined as
γ =
〈(I − 〈I〉)3〉
[〈(I − 〈I〉)2〉]3/2 =
M3
M
3/2
2
. (1)
Here, 〈I〉 is the mean intensity of the soure's radioe emission, and M3 and M2 are the third
and seond entral moments of the distribution of the intensity flutuations. In the ase of
sintillations, γ is positive, and is related to the sintillation index by the linear relationship
γ = Am, (2)
where A is a numerial fator and m is the sintillation index, whih is defined as
m2 =
〈(I − 〈I〉)2〉
〈I〉2 =
M2
〈I〉2 . (3)
If we are dealing with an extragalati soure onsisting of a ompat sintillating om-
ponent (ore) and an extended non-sintillating omponent (halo), I orresponds to the
flux from the sintillating omponent. The fator A depends on the form of the turbulene
spetrum and the sintillation regime. In partiular, in the ase of weak sintillations of a
pointlike soure in the Fraunhofer zone relative to the outer turbulene sale (i.e., the har-
ateristi size of the largest inhomogeneities), the flux flutuations are distributed aording
to a RieNakagami law [6, 7℄, and A = 3/2. In the ase of weak sintillations of a point-
like soure in the Fresnel zone relative to the inner sale (i.e., the harateristi size of the
smallest inhomogeneities), the flux flutuations are distributed aording to a lognormal law
[8℄, and A = 3. As is shown in [1℄, the relationship (2) is a good test for isolating interstellar
sintillations that give rise to flux variations of extragalati radio soures.
However, the asymmetry oeffiient is an integrated parameter, whih desribes the
summed flutuations on all sales. Interstellar sintillations an dominate on some time
sales, while intrinsi variations or noise an dominate on others. To analyze the nature
of the flutuations on various sales, it is desirable to introdue some funtion that would
yield the value of the asymmetry oeffiient for a given time sale in plae of the asym-
metry oeffiient. Below, we will introdue suh an asymmetry funtion, γ2(τ), whih is
a generalization of the asymmetry oeffiient, in the same way that the struture funtion
is a generalization of the variane of the temporal proess. We will also investigate the
appliation of the asymmetry funtion to the analysis of interstellar sintillations of pulsars.
32. DEFINITION OF THE ASYMMETRY FUNCTION
Let us introdue the first and seond differenes
∆1(τ) = I(t+ τ)− I(t), (4)
∆2(τ) = I(t+ τ)− 2I(t) + I(t− τ),
where t is the time and and τ is the time shift from instant t. The struture funtion of the
flux flutuations is defined as
DI(τ) = 〈[∆1(τ)]2〉 = 2[〈I2〉 − 〈I(t+ τ)I(t)〉] (5)
and the mean square of the seond differene is
〈[∆2(τ)]2〉 = 〈{[I(t+ τ)− I(t)] (6)
− [I(t)− I(t− τ)]}2〉 = 〈{[I(t+ τ)− I(t)]2
+ [I(t)− I(t− τ)]2 − 2[I(t+ τ)− I(t)]
× [I(t)− I(t− τ)]}〉 = 4DI(τ)−DI(2τ).
We also introdue the third moment of the seond differene ∆2(τ) using the formula
〈[∆2(τ)]3〉 = −6〈I3〉+ 6〈I2(t+ τ)I(t− τ)〉 (7)
− 12〈I(t+ τ)I(t)I(t− τ)〉 + 12〈I(t+ τ)I2(t)〉
and define the seond-order asymmetry funtion as
γ2(τ) = − 〈[∆2(τ)]
3〉
〈[∆2(τ)]2〉3/2 . (8)
The definition of the funtion γ2(τ) formally orresponds to the definition of the asymmetry
oeffiient for a random quantity, ∆2(τ). Sine the third moment of ∆2(τ) is negative in
the ase of sintillations, we have added a minus sign in (8), in order for the funtion γ2(τ)
to be positive for intensity flutuations due to sintillation.
We also introdue the somewhat different asymmetry funtion
γ2,1(τ) = −2 〈[∆2(τ)]
3〉
〈[∆2(τ)]2〉〈[∆1(2τ)]2〉1/2 (9)
= −2 〈[∆2(τ)]
3〉
[4DI(τ)−DI(2τ)][DI(2τ)]1/2 .
4As will be shown below in Appendies A and B, in the ase of intensity flutuations dis-
tributed aording to a RieNakagami law or lognormal law, the funtion γ2,1(τ) for small
values of τ is related to the funtion [DI(2τ)]
1/2/〈I〉 by a formula of the form (2):
γ2,1(τ) =
A[DI(2τ)]
1/2
〈I〉 . (10)
In general, the fator A is a funtion of τ , and we introdue the funtion A2,1(τ):
A2,1(τ) = 〈I〉 γ2,1(τ)
[DI(2τ)]1/2
. (11)
The form of the funtions γ2(τ), γ2,1(τ), and A2,1(τ) for the two distribution laws (a normal
distribution for wave-field flutuations and a lognormal law for intensity flutuations) is
determined in Appendies A and B.
3. WEAK SCINTILLATIONS
We will onsider the properties of the asymmetry funtion in the ase of sintillations
of radio soures on eletron-density inhomogeneities of plasma with a power-law turbulene
spetrum. It is known that, in this ase, the sintillation regimes are determined by the
struture funtion of the phase flutuations on a sale that is equal to the sale of the first
Fresnel zoneDS(bFr), where bFr = (reff/k)
1/2
, reff is the effetive distane from the observer
or the soure to the layer ontaining the turbulent medium (in the ase of a statistially
uniform medium, this is the distane from the observer to the soure), and k = 2pi/λ is the
wavenumber. If
DS(bFr)≪ 1, (12)
the sintillations are weak, the harateristi spatial sale giving rise to the intensity flutu-
ations is equal to bFr, and the sintillation index an be found from the formula [9℄
m2 ∼= K(n)DS(bFr), (13)
where K(n) is a numerial fator of the order of unity that depends on the exponent n of
the turbulene spetrum.
Numerial alulations of the one-dimensional distribution funtion of the flux flutua-
tions F (I) were arried out in [10, 11℄, and the seond and third moments of the intensity
5Figure 1. Time variations of the emission intensity for PSR B1933+16 at 610 MHz
(top), PSR B1642−03 at 4.85 GHz (enter), and PSR B0329+54 at 4.85 GHz (bottom).
flutuations in the ase of a Kolmogorov spetrum for the inhomogeneities of the index of
refration for various values of the inner turbulene sale were determined. It was shown
that, in the weak sintillation regime, as well in the strong sintillation regime with values
of DS(bFr) that are not too large, the distribution funtion f(I) is lose to a lognormal
funtion. Using the results of these studies, we find A = 2.78 for a Kolmogorov spetrum
without a turnover and A = 2.86 for a Kolmogorov spetrum with an inner sale l equal to
the sale bF of the first Fresnel zone (l/bF = 1). Thus, with inrease in the inner sale of the
turbulene spetrum, the fator A inreases and approahes three, whih orresponds to a
lognormal distribution for the flux flutuations. The alulations show that relationship (2)
is valid up to a value of m that approahes unity from the side of the weak (unsaturated)
sintillation regime.
Note that the one-dimensional distribution funtion f(I) and asymmetry oeffiient γ
6Figure 2. Struture funtion, asymmetry funtion, and oeffiient A2,1
versus the time shift for refrative sintillations of PSR B1933+16.
desribe the flux flutuations on the main sale of the spatial pattern of the sintillations and,
aordingly, on the main temporal sale τ0 of the struture funtion of the flux flutuations.
When τ ≥ τ0, the funtions γ2(τ), γ2,1(τ), and A2,1(τ) will be determined by asymptoti
relationships that orrespond to a lognormal distribution law for the intensity flutuations
(see Appendix B):
γ2(τ) ∼= 3
2
DI(2τ)
[4DI(τ)−DI(2τ)]1/2〈I〉 , (14)
γ2,1(τ) ∼= 3[DI(2τ)]1/2/〈I〉, (15)
A2,1(τ) ∼= 3. (16)
Flux flutuations with small spatial and temporal sales are determined by the diffration
of the radio waves on inhomogeneities in the index of refration with sizes that are muh
7Figure 3. Same as Fig. 2 for PSR B0329+54.
smaller than the first Fresnel zone. Therefore, the distribution of small-sale flux flutuations
will more losely fit a normal distribution law, and the funtions γ2(τ), γ2,1(τ), and A2,1(τ)
will better math the asymptoti relationships (A.8)(A.10) of Appendix A.
4. DIFFRACTIVE SCINTILLATIONS
For large values of the parameter DS(bFr), the intensity flutuations onsist of two om-
ponents: small-sale (diffrative) and large-sale (refrative). With inreasing DS(bFr), the
distribution funtion of the field of the diffrative omponent tends to a normal distribution
[9℄, the sintillation index tends to unity, and the harateristi spatial sale of the diffration
pattern orresponds to the field oherene sale 1/kθscat, where θscat is the harateristis
sattering angle. When τ ≤ τ0, the funtions γ2(τ), γ2,1(τ), and A2,1(τ) will orrespond to
8the asymptoti expressions (Appendix A)
γ2(τ) ∼= 3
4
DI(2τ)
[4DI(τ)−DI(2τ)]1/2〈I〉 , (17)
γ2,1(τ) ∼= 3
2
[DI(2τ)]
1/2
〈I〉 , (18)
A2,1(τ) =
γ2,1(τ)
[DI(2τ)]1/2
∼= 3
2
, (19)
and, when τ ≫ τ0, will be determined as γ2(τ) ∼= 2/
√
6, γ2,1(τ) ∼= 2
√
2, A2,1(τ) ∼= 2.
5. REFRACTIVE SCINTILLATIONS
The refrative omponent is determined by weak fousing of the radiation on inhomo-
geneities with harateristi sales of the order of the sattering disk: reffθscat [9℄. Refrative
sintillations an be treated as weak sintillations on large-sale inhomogeneities, with sizes
muh larger than the sale of the first Fresnel zone. Therefore, we expet a lognormal distri-
bution law for the flux flutuations. When τ ≥ τ0, the funtions γ2(τ), γ2,1(τ), and A2,1(τ)
will be determined by the asymptoti relationships (14)(16).
6. COMPARISON WITH OBSERVATIONS
We used data on diffrative, refrative, and weak sintillations of several pulsars to ana-
lyze the appliability of the above relationships for the asymmetry funtion to atual obser-
vations of interstellar sintillations of pulsars.
Refrative and Weak Sintillations
We used the five-year monitoring data for PSR Â1933+16 and Â0329+54 (19901995)
at 610 MHz [12℄ (NRAO, Green Bank) to analyze refrative sintillations. The observations
were arried out in a 16-MHz band; diffrative sintillations were onsiderably smoothed
by averaging the signal over about an hour of observations. Figure 1 (top) shows the time
variations of the emission intensity for PSR Â1933+16. The time sale of these variations
is 33 days [12℄. We used relationships (5), (9), and (11) to alulate the struture funtion
9Figure 4. Same as Fig. 3 but for weak sintillations.
of the flux flutuations D(τ), asymmetry funtion γ2,1(τ), and oeffiient A2,1(τ) for all
the types of sintillations onsidered below. Before alulating these funtions, we have
normalized the time series to their average values.
Figures 2 and 3 show D(τ), γ2,1(τ), and A2,1(τ) as funtions of the time shift in days for
PSR Â1933+16 and Â0329+54, respetively. The struture funtion reahes a onstant level
equal to 2m2, where m is the modulation index of the intensity variations. The time shift at
whih D(τ) dereases by a fator or two gives the time sale of these variations. In γ2,1(τ)
and Ac(τ), this time sale orresponds to a shift that is a fator of two smaller [see formula
(10)℄. We an see from Figs. 2 and 3 that A2,1(τ) is approximately onstant for shifts of less
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Figure 5. Same as Fig. 4 but for PSR B1642−03.
than 40 days, and this average level is A2,1 ≈ 3 for PSR Â1933+16, based on formula (5) for
refrative sintillations, and A2,1 ≈ 2 for PSR B0329+54. The differene of A2,1 from three
for PSR B0329+54 may be due to the fat that the index of the eletron-density flutuation
spetrum toward this pulsar differs from the Kolmogorov index [13℄: it is n = 3.5. It seems
reasonable to suppose that the derease of the spetral index should result in a derease in
A2,1 at small time shifts.
We used observations of the pulsars PSR Â0329+54 and Â1642−03 arried out at
4.85 GHz on the 100-m Effelsberg telesope for our analysis of weak sintillations. The input
data and observing parameters are given in [13, 14℄. Before reording the signal, we averaged
the pulsed emission over 10P1 for PSR Â0329+54 and 39P1 for PSR Â1642−03 (where P1
is the pulsar period). The time resolutions were 7.15 and 15 s, respetively. Figure 1 shows
the time series for these pulsars (entral and bottom graphs). We used the fourth hannel
(the observations were arried out in four frequeny hannels of 60 MHz eah), whih was
11
Figure 6. Top: average profile of PSR B1133+16 at 111 MHz. Center: pulse-
to-pulse intensity variations in a single 1.25-kHz hannel (for eah pulse the inten-
sity was obtained by integrating within the longitude interval shown with dashes on
the average profile). Bottom: autoorrelation funtion of these intensity variations.
the most free of interferene, for PSR Â0329+54. The modulation indies for the intensity
variations for PSR Â0329+54 and Â1642−03 were 0.45 and 0.64, respetively.
Figures 4 and 5 show D(τ), γ2,1(τ), and A2,1(τ) as funtions of the time shift in seonds.
The maximum time shift for whih these funtions were alulated was one-fourth of the
total time interval of the observations. The sintillation time sales for PSR Â0329+54 and
Â1642−03 are 2200 and 1170 s, respetively (at the 1/e level of their autoorrelation fun-
tions). On time sales of 10002000 s for PSR Â0329+54 and 400700 s for PSR Â1642−03,
the values of A2,1(τ) are 2.8 and 3.3, respetively. These agree well with the value A2,1 = 3
predited by the theory for weak pulsations [formula (16)℄. The onstant level at the shortest
time shifts in the struture funtion D(τ) is due to unorrelated noise.
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We did not orret the alulated funtions for noise, beause, as was shown by the
analysis, their third moments are nonzero, and this orretion would introdue strong dis-
tortions to γ2,1(τ) and A2,1(τ). The onstant level A2,1 ≈ 2 at time shifts τ ≤ 200 s for
PSR Â0329+54 is probably due to diffrative sintillations, whose time sale at 610 MHz is
td ≈ 90 s [13℄. For PSR Â1642−03, td ≈ 130 s at the same frequeny [14℄. For this pulsar
there are strong flutuations in A2,1(τ) at shifts shorter than 200 s, due to the effet of noise;
however, the mean level of about 1.5 is probably assoiated with diffrative sintillations on
small-sale inhomogeneities.
Dirative Sintillations
We used observations of PSR B1133+16 arried out on September 27 and 29, 2001 on the
Large Phased Array of the Lebedev Physial Institute in Pushhino at 111 MHz to analyze
the intensity variations of this pulsar using the asymmetry funtion. Individual pulses of
the pulsar were reorded in 96 hannels of the reeiver (the bandwidth of eah hannel was
1.25 kHz) with a time resolution of 1.56 ms during 200 s, and were stored on a omputer
disk. We performed the strutural analysis after removing the dispersion shift in all frequeny
hannels and integrating the spetrum in the seleted interval of pulse longitudes. Figure 6
(top) shows the mean pulse of PSR B1133+16, obtained by aumulating pulses during 200 s
in a 120-kHz band. The same figure (enter) presents the pulse-to-pulse intensity variations
in one of the hannels (1.25 kHz). The intensity was obtained for eah pulse in all the
hannels by integrating the signal in the longitude interval of the first omponent of the
mean profile, whih is denoted in Fig. 6 with dashes. The same figure (bottom) shows the
autoorrelation funtion (ACF) alulated for the intensity flutuations I(t) in this hannel.
The ACF has three time sales: the first is due to pulse-to-pulse variations within one pulsar
period (P1 = 1.188 s), the seondm whih is about 7 s, is due to diffrative sintillations, and
the third represents slower variations on a time sale of ∼20 s. The fat that the 7-s time
sale is due to diffrative sintillations follows from the fat that the deorrelation of the
spetra (96 hannels 1.25 kHz eah) ours preisely on this time sale (with pulses separated
by 6P1). To redue the effet of intrinsi rapid variations of the pulsar, we smoothed the
input I(t) data in all the hannels on a three-point interval (3P1). When alulating D(τ),
γ2,1(τ), and A2,1(τ), we averaged the seond and third moments of I(t) over all frequeny
13
Figure 7. Struture funtion, asymmetry funtion, and oeffiient A2,1 versus time shift for
PSR B1133+16 at 111 MHz averaged over two observational days (diffrative sintillations).
hannels. Figure 7 shows the obtained funtions averaged over two observational days. We
an see that the different time sales are well separated in the funtions γ2,1(τ) and A2,1(τ).
The value of A2,1(τ) on sales ≤ 7 s is 1.4, in good agreement with the theoretial value of
1.5, orresponding to diffrative sintillations.
7. CONCLUSION
Our analysis of observed pulsar intensity variations using the asymmetry funtion γ2,1(τ)
and funtion A2,1(τ) has shown that these variations math the behavior expeted for a nor-
mal distribution for the field flutuations (diffrative sintillations) or a lognormal distribu-
tion for the intensity flutuations (refrative sintillations, weak sintillations), in aordane
with the derived theoretial relationships. For all the sintillation regimes, there is a fun-
tional relationship between the asymmetry funtion and the struture funtion of the inten-
14
sity flutuations. This relationship has the simplest form for the asymmetry funtion γ2,1(τ)
at small values of τ : γ2,1(τ) ∝
√
D2,1(2τ). Aordingly, the funtion A2,1(τ) = 〈I〉 γ2,1(τ)√
DI(2τ)
is a onstant. This indiates that analysis of the funtion A2,1(τ) ould provide a good test
for isolating sintillations against the bakground of variations that have other origins, and
that the proposed method an be effiiently used to study and separate out intensity vari-
ations that have different physial natures. In partiular, it an be applied to the analysis
of flux variations of extragalati soures, in order to distinguish variations due to intrinsi
variability of the soure and effets assoiated with the propagation of the radiation in the
interstellar plasma.
We note also that there are prospets for further studies in this diretion. It is neessary
to study the dependene of the form of the asymmetry funtion on the spetrum of the
inhomogeneities in the index of refration, in partiular, for a power-law spetrum, and the
dependene of the asymmetry funtion on the spetral index. Studies of the dependene
of the form of the asymmetry funtion on the soure struture are also required. If suh
theoretial alulations, onfirmed by experimental data, are available, measurements of the
asymmetry funtion an yield additional information about both the medium and soure.
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THEORETICAL RELATIONSHIP BETWEEN THE ASYMMETRY FUNCTIONS γ2(τ),
γ2,1(τ) AND THE STRUCTURE FUNCTION DI(τ) FOR A NORMAL DISTRIBUTION
FOR THE FIELD FLUCTUATIONS
Let us assume that the wave-field flutuations have a normal distribution and that the
average value of the field is zero:
〈E(t)〉 = 0. (A.1)
This equality implies that seond-order moments of the form 〈E2(t1)〉 are also equal to zero
[9℄:
〈E2(t1)〉 = 〈[E∗(t1)]2〉 = 0. (A.2)
Formulas (A.1) and (A.2) orrespond to diffrative sintillations in the saturated sintil-
lation regime [9℄. In this ase, the third moment of the intensity or the sixth moment of the
field an be represented as a sum of produts of seond-order field-oherene funtions [15℄:
〈I(t1)I(t2)I(t3)〉 (A.3)
= 〈E(t1)E∗(t1)E(t2)E∗(t2)E(t3)E∗(t3)〉
= 〈E(t1)E∗(t1)〉〈E(t2)E∗(t2)〉〈E(t3)E∗(t3)〉
+ 〈E(t1)E∗(t2)〉〈E(t2)E∗(t1)〉〈E(t3)E∗(t3)〉
+ 〈E(t1)E∗(t3)〉〈E(t2)E∗(t2)〉〈E(t3)E∗(t1)〉
+ 〈E(t1)E∗(t1)〉〈E(t2)E∗(t3)〉〈E(t3)E∗(t2)〉
+ 〈E(t1)E∗(t2)〉〈E(t2)E∗(t3)〉〈E(t3)E∗(t2)〉
+ 〈E(t1)E∗(t3)〉〈E(t2)E∗(t1)〉〈E(t3)E∗(t2)〉
= 〈I〉3 + 〈I〉[BI(t1 − t2) +BI(t1 − t3)
+BI(t2 − t3)] +BE(t1 − t2)BE(t2 − t3)
× BE(t3 − t2) +BE(t1 − t3)BE(t2 − t1)
× BE(t3 − t2).
Here,
BE(ti − tk) = 〈E(ti)E∗(tk)〉 (A.4)
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is the field-oherene funtion and BI(ti − tk) = 〈[I(ti)− 〈I(ti)〉][I(tk)− 〈I(tk)〉]〉 = BE(ti −
tk) × B∗E(ti − tk) is the orrelation funtion of the intensity flutuations. Using formula
(A.3) in the alulation in (7), we obtain a relationship for the third moment of the seond
differene:
〈[∆2(τ)]3〉 = −12〈I〉3 + 12〈I〉BI(2τ) (A.5)
+ 24〈I〉BI(τ)− 24BE(2τ)BI(τ) = −6〈I〉DI(2τ)
+ 24〈I〉
{
〈I〉 −
[
〈I〉2 − 1
2
DI(2τ)
]1/2}
− 12DI(2τ)
{
〈I〉 −
[
〈I〉2 − 1
2
DI(2τ)
]1/2}
.
Let τ0 be the harateristi sale of the struture funtion of the intensity flutuations
DI(τ). For small values, τ ≤ τ0, we obtain the asymptoti formula
〈[∆2(τ)]3〉 ∼= 3
4
DI(2τ)
4DI(τ)−DI(2τ)
〈I〉 . (A.6)
For large values, τ ≫ τ0, using equality DI(τ) = 2〈(I − 〈I〉)2〉 = 2〈I〉2 yields
〈[∆2(τ)]3〉 ∼= −12〈I〉3. (A.7)
Using these asymptoti relationships for 〈[∆2(τ)]3〉 and formulas (6) and (8), we derive
for the funtion γ2(τ) the asymptoti expressions
γ2(τ) ∼=


3
4
DI(2τ)
[4DI(τ)−DI(2τ)]1/2〈I〉 , τ ≤ τ0,
2√
6
, τ ≫ τ0.
(A.8)
Similarly, we have
γ2,1(τ) ∼=


3
2
[DI(2τ)]
1/2/〈I〉, τ ≤ τ0,
2
√
2, τ ≫ τ0.
(A.9)
We see that, for small values of τ , γ2,1(τ) is related to [DI(2τ)]
1/2/〈I〉 by the same formula
as that relating the asymmetry oeffiient to the sintillation index.
We obtain for A2,1(τ)
A2,1(τ) = 〈I〉 γ2,1(τ)
[DI(2τ)]1/2
∼= 3
2
, τ ≤ τ0, (A.10)
A2,1(τ) ∼= 2, τ ≫ τ0.
Appendix B
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THEORETICAL RELATIONSHIP BETWEEN THE ASYMMETRY FUNCTIONS γ2(τ),
γ2,1(τ) AND THE STRUCTURE FUNCTION DI(τ) FOR A LOGNORMAL
DISTRIBUTION FOR THE INTENSITY FLUCTUATIONS
Let us represent the intensity I(t) as
I(t) = I0 exp[χ(t)] (B.1)
and assume that the flutuation distribution law χ(t) is normal. For a normally distributed
quantity, the following equality is valid [8℄:
I0〈exp[χ(t)]〉 = I0 exp
[
〈χ(t)〉+ 1
2
〈(δχ(t))2〉
]
. (B.2)
Taking into aount the fat that the mean intensity does not hange during the propagation
of the wave in a turbulent medium, i.e., 〈I〉 = I0, we obtain
〈χ(t)〉 = −1
2
〈(δχ(t))2〉. (B.3)
We find with (B.2) and (B.3)
〈I2〉 = 〈I2
0
exp[2χ(t)]〉 (B.4)
= I2
0
exp
[
2〈χ(t)〉+ 2〈(δχ(t))2〉]
= I2
0
exp
[〈(δχ(t))2〉] ,
〈I(t)I(t+ τ)〉 = exp [〈δχ(t)δχ(t+ τ)〉] (B.5)
= 〈I2〉 exp
[
−1
2
Dχ(τ)
]
,
where
Dχ(τ) = 〈[χ(t+ τ)− χ(t)]2〉 (B.6)
= 2〈[δχ(t)]2〉 − 2〈δχ(t)δχ(t+ τ)〉
is the struture funtion of the flutuations, χ(t).
Formulas (B.4) and (B.5) enable us to express the quantities exp [〈(δχ(t))2〉] and
exp
[−1
2
Dχ(τ)
]
in terms of the sintillation index and the struture funtion of the intensity
flutuations:
exp[〈(δχ(t))2〉] = 1 +m2, (B.7)
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exp
[
−1
2
Dχ(τ)
]
= 1− DI(τ)
2I2
0
(1 +m2)
. (B.8)
Then, using the formula
〈I(t1)I(t2)I(t3)〉 (B.9)
= I3
0
exp
[
3〈(δχ)2〉 − 1
2
Dχ(t1 − t2)
− 1
2
Dχ(t1 − t3)− 1
2
Dχ(t2 − t3)
]
= I3
0
(1 +m2)3
× exp
[
− 1
2
[Dχ(t1 − t2) +Dχ(t1 − t3)
+Dχ(t2 − t3)]
]
,
we obtain for the third moment of the seond differene ∆2(τ)
〈[∆2(τ)]3〉 = −6I30 exp
[
3〈(δχ)2〉] (B.10)
×
{
1− exp[−Dχ(2τ)]− 2 exp[−Dχ(τ)]
+ 2 exp
[
−Dχ(τ)− 1
2
Dχ(2τ)
]}
.
Using (B.4) and (B.5), we find
〈[∆2(τ)]3〉 = −6I30 (1 +m2)3 (B.11)
×
{
1−
[
1− Dχ(2τ)
2I2
0
(1 +m2)
]
2
+ 2
Dχ(2τ)
I2
0
(1 +m2)
×
[
1− Dχ(τ)
2I2
0
(1 +m2)
]
2
}
.
For small m2 ≪ 1, we obtain the asymptoti relationship
〈[∆2(τ)]3〉 ∼= 3
2
DI(2τ)
4DI(τ)−DI(2τ)
I0
. (B.12)
Substituting this asymptoti relationship into (8)(10) yields for m2 ≪ 1
γ2(τ) ∼= 3
2
DI(2τ)
[4DI(τ)−DI(2τ)]1/2I0 , (B.13)
γ2,1(τ) ∼= 3 [DI(2τ)]1/2 /I0, (B.14)
A2,1(τ) ∼= 3. (B.15)
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